1. Background {#sec1}
=============

Surgical site infections (SSIs) are the third (14%-16%) most frequent cause of nosocomial infections among hospitalized patients and the primary (40%) cause of nosocomial infection in surgical patients \[[@B1]\]. SSIs have been categorized by the Center for Disease Control and Prevention (CDC) as either incisional (e.g., cellulitis of the incision site) or involving an organ or space (e.g., with meningitis). Incisional SSIs may be superficial (skin or subcutaneous tissue) or deep (fascial and muscle layers). Both types, by definition, occur by postoperative day 30. This period extends to 1 year in the case of deep infection, associated with prosthesis implantation \[[@B2]\]. Besides, the National Research Council, USA, developed a system for categorizing incisions based on the degree of contamination as clean, clean-contaminated, contaminated, and dirty wounds \[[@B3]\].

Globally, SSI has a 2.5% to 41.9% prevalence rate, and it is higher in developing countries like Ethiopia and Tanzania \[[@B4]--[@B8]\], inducing a substantial burden in terms of health cost and postoperative morbidity and mortality.

The development of postoperative site infection is related to the degree of bacterial contamination during surgery, the virulence of the infecting organism, and host defenses. Besides, risk factors for postoperative site infection can be classified according to operative and environmental factors and patient characteristics \[[@B9], [@B10]\].

Surgical antibiotic prophylaxis (SAP) is the use of antibiotics to prevent infections at the surgical site. SAP is an effective management strategy for reducing postoperative infections provided that appropriate antibiotics are given at the correct time for appropriate durations and appropriate surgical procedures \[[@B11]\]. However, in actual practice, there is considerable evidence that antibiotics are used excessively and inappropriately for the prevention of SSI \[[@B12]\]. These inappropriate surgical antibiotic prophylaxes such as inappropriate selection, timing, and duration are associated with an increase in the prevalence of antibiotic resistance, cause adverse drug reaction and increased risk of surgical site infections, i.e., fuel an ever-increasing need for new drugs, and contribute to the rising cost of medical care \[[@B13]\].

Studies on SSI and SAP contribute for identifying surgical site infection rate and risk factor associated with it as well as for identifying the gap in surgical antibiotic prophylaxis practice. Therefore, this study attempts to assess surgical antibiotic prophylaxis practice and prevalence of surgical site infection among surgical patients in Dessie Referral Hospital (DRH), which will be helpful to promote SSI control and rational antibiotic prophylaxis utilization.

2. Methods {#sec2}
==========

2.1. Study Design and Area {#sec2.1}
--------------------------

A prospective cross-sectional study design was conducted in DRH Northeast Ethiopia from March 24 to April 25/2017. DRH is 401 km far from the capital city of Ethiopia, Addis Ababa. It is one of the biggest referral hospitals in Northeast Ethiopia and has different specialized service in five major departments: the Pediatric, Surgery, Gynecology, OPD, and Internal Medicine. It provides services for the patient living in Dessie town and referred from different parts of the region and provides local emergency services.

2.2. Sampling {#sec2.2}
-------------

The study was done on patients who underwent major surgery in the adult surgical ward of DRH during the study period. Those patients who received antimicrobials for therapeutic purposes preoperatively and enrolled patients who had shown signs and symptoms of infection within the first 48 hrs of admission were excluded from the study. A convenience sampling technique was used for those patients who fulfill the inclusion criteria.

The dependent variable in this study is SSI (presence/absence), and the independent variables are sociodemographic characteristics of the patients (age and sex), medical illness (DM, HTN, CVD, and others), preoperative hospital stay, duration of surgery, class of contamination of surgical site, type of operative procedure, antibiotic use (choice, dose, duration, frequency, and timing of administration), and postoperative hospital stay.

Timing of antibiotic administration was classified as follows: early prophylaxis (2-24 hours before surgery), preoperative prophylaxis (0-2 hours before surgery), perioperative prophylaxis (up to 3 hours after the first incision), and postoperative prophylaxis (greater than 3 hours after the first incision) \[[@B14]\].

2.3. Data Collection Procedure {#sec2.3}
------------------------------

Data collection format containing the variables to be measured was developed and used for the collection of data on sociodemographic characteristics, surgery-related parameters (preoperative, intraoperative, and postoperative data), and potential risk factors. Wound classification and diagnosis of SSI were done by a surgeon, gynecologists, and the attending physician.

Information about SSI was obtained through a medical chart review. Each patient was assessed from the time of admission until the time of discharge. Details that were recorded include the type of surgery, wound class, type and duration of operation, antimicrobial prophylaxis, preoperative hospital stay, and total hospital stay. The data quality was controlled before collection through pretesting and during and after collection through direct observation.

2.4. Limitation and Strength of the Study {#sec2.4}
-----------------------------------------

Strength of the study: the study design is a prospective cross-sectional study, and primary data was obtained.

Limitation of the study: the study period was short, and the number of patients recruited was somewhat low.

2.5. Data Processing and Analysis {#sec2.5}
---------------------------------

The collected data were filtered and categorized, and the results were analyzed using SPSS version 20.0 and interpreted and presented using tables and charts. Descriptive statistics (frequency, mean, and SD) were analyzed to determine the prevalence of the dependent variable. Two-way tables were used to summarize the data, and associations between categorical variables were determined using chi-square. A probability value of \<0.05 was considered statistically significant. Furthermore, logistic regression analysis was used to determine relationships between a risk factor and SSI.

3. Results {#sec3}
==========

A total of 68 patients were assessed for surgical site infection and surgical prophylaxis use as depicted in [Table 1](#tab1){ref-type="table"}. 51.5% of them were males, and the rest were females within the age of 20-80. Regarding patient operational characteristics, as revealed in [Table 2](#tab2){ref-type="table"}, the patients were hospitalized with a mean ± SD length of 2.98 ± 2.76 and 5.62 ± 2.99 days preoperatively and postoperatively, respectively. From the total patients, 12 (17.65%) were with the comorbid condition, and 16 (23.5%) had developed SSI. Moreover, 38 (55.9%) were emergency operations, and gastrointestinal (GI) was the most frequent, 21 (30.9%), surgical procedure. Of the total procedures, 25 (36.8%) were clean, and the rest (63.2%) accounts for clean-contaminated, contaminated, and dirty wounds as depicted in [Table 2](#tab2){ref-type="table"}.

Antibiotic prophylaxis was administered in 59 (86.8%) operations and most, 26 (38.2%), of the drugs were given preoperatively, of which 55 (93.2%) were given in IV route as shown in [Table 3](#tab3){ref-type="table"}. The mean ± SD duration of antibiotic prophylaxis was 3.89 ± 2.81 days (range 1-9 days). Besides, prophylaxis was extended over one day in 43 (63.2%) patients.

Among all patients given antibiotic prophylaxis, 18 (26.5%) patients used single prophylactic agents, and the rest took a combination of drugs as shown in [Table 4](#tab4){ref-type="table"}. The most frequently administered prophylactic antibiotics were a combination of ceftriaxone and metronidazole 28 (47.46%).

Concerning the surgical site infection rate, 16 patients had developed infection, and the incidence rate was 23.5% as revealed in [Figure 1](#fig1){ref-type="fig"}. Of this, superficial, deep, and organ/space SSIs account 62.5%, 25.0% and 12.5%, respectively.

Different variables were analyzed to pinpoint the possible risk factors for surgical site infection as depicted in [Table 5](#tab5){ref-type="table"}. Thus, a descriptive analysis of patient characteristics revealed that patients with older age (\>68 yrs) had the highest percentage (50%) of infection among all age groups. Moreover, females (27.3%) had a higher percentage of infection than males (20%). Patients with the comorbid condition (*p* value, 0.00) and patients without prophylaxis (*p* value, 0.00) had a higher infection rate than patients with nil comorbid condition and who had prophylaxis, respectively. Also, patients who had a longer duration of the procedure (28%), dirty wound (50%), and postantibiotic administration of prophylaxis (27.6%) had a higher frequency of SSI compared to their category.

According to the result of binary logistic regression analysis, the following variables were statistically significant at (*p* \< 0.05) level: patient comorbid condition, duration of procedure, wound class, prophylaxis use, and timing of administration, However, age, sex, nature of operation, preoperative hospital stay, and postoperative hospital stay duration were not significantly associated in this study ([Table 6](#tab6){ref-type="table"}).

4. Discussion {#sec4}
=============

SSIs are known to be one of the most common causes of nosocomial infections worldwide. They still form a large health problem and result in increased antibiotic usage, increased associated costs, prolonged hospitalization, and contribute to increased patient morbidity and mortality \[[@B15]\]. The rate of SSI varies greatly, from 2.5% to 41.9% as per different studies, worldwide and from hospital to hospital \[[@B16]\].

The rate of surgical site infections found in this study was 23.5%, which was higher than the finding of a similar study conducted in Tikur Anbessa Specialized Hospital \[[@B17]\] where the rate of infection reported was 17.9%. Moreover, it was still higher than the other studies carried out elsewhere in other countries such as India \[[@B16]\], Muhimbili \[[@B18]\], and Brazil where the infection rate of 16%, 20%, and 15% was reported, respectively. The higher rate of infection in this study could be explained by a lack of adequate infection control system, poor practices, and indiscriminate use of antibiotics.

The study also showed that prolonged duration of operation was a significant risk factor for SSIs. Thus, surgical procedures lasting greater than one hour had about 2 times more risk than procedures within an hour. This finding was comparable with a similar study done in Thailand (RR = 3.26, 95%CI = 1.44 − 7.52) and also supported by Peruvian hospital study \[[@B19]\]. Moreover, wound class was also found to be an important risk factor in the development of SSI. Hence, dirty had the highest odds (7.33) of becoming infected followed by the contaminated wound and clean-contaminated. This high rate of infection among former wound types would be because of the profound influence of endogenous contamination during the time of operation, and it is supported by other studies \[[@B20]\].

Besides, the study signified that comorbid conditions were an important risk factor and statically significant (OR = 5, *p* = 0.00) for the development of SSIs. This finding is also supported by different kinds of literature, which indicate that the prevalence of SSI is higher with HIV/AIDS and other immunosuppression-related conditions such as malignancy and diabetes mellitus \[[@B21], [@B22]\]. Besides, the study also revealed that the timing of antibiotic administration and the presence of antibiotic prophylaxis are critical in preventing surgical wound infections. Therefore, the administration of antibiotics postoperatively had 9.94 times the risk of SSI than the preoperative administration. Similarly, 13.24% of patients were not receiving surgical antibiotic prophylaxis and had 2.00 times the risk of SSI as compared with patients with antibiotic prophylaxis.

The use of antibiotics in surgical patients for the prophylaxis is a justifiable practice; however, appropriate route of administration, timing, and duration of prophylactic antibiotics should be chosen to achieve high plasma and tissue levels of antibiotics during and shortly after the surgical procedure when bacterial contamination is maximal \[[@B23], [@B24]\]. In this study, the majority of the antibiotics was administered IV (93.2%), which is consistent with evidence \[[@B23]\], and the most frequently administered antibiotics were ceftriaxone and metronidazole (47.1%) despite first-generation cephalosporins (like cefazolin) are recommended for SSIs \[[@B23], [@B25]\]. Still, different studies showed that first-generation cephalosporins (e.g., cefazolin) were the most commonly used drugs \[[@B26], [@B27]\]. The frequent use of the combination of ceftriaxone and metronidazole in this study is explained partly by the lack of availability of first-generation cephalosporins in the hospital.

SSI rate increases with age (higher incidence with patients above 68 years of age) and in patients who underwent emergency surgery, despite it were not statistically significant. However, no relationship was observed between the development of SSI and the gender of the patient (*p* = 0.808), which is in concordance with other studies \[[@B14]\]. These findings are also similar to other studies as increasing age is usually associated with a greater likelihood of certain chronic conditions and decreased immunity with delayed healing \[[@B22]\]. Besides, this increased rate of SSI during emergency surgery could be due to improper preparation and planning before the surgical procedure \[[@B14]\]. Therefore, antibiotic prophylaxis with proper timing has paramount importance in decreasing the incidence of SSI. In addition, considering the type of wound, duration of surgery and comorbid condition would also have vital role in minimizing SSI rate.

5. Conclusion {#sec5}
=============

This study indicated a higher rate of surgical site infection. Wound class, preexisting medical condition, prolonged duration of surgery, absence of antibiotic prophylaxis, and early and delayed administration of antibiotics were statistically significant with surgical site infection. This study also indicated that the majority of the antibiotics were administered IV, and the most frequently administered were ceftriaxone and metronidazole.

We would like to thank Wollo University for supporting this work.

CDC:

:   Center for Disease Control and Prevention

DRH:

:   Dessie Referral Hospital

SAP:

:   Surgical antibiotic prophylaxis

SSI:

:   Surgical site infection

OR:

:   Odds ratio

IV:

:   Intravenous

PO:

:   Oral

SD:

:   Standard deviation.

Data Availability
=================

The data used to support the findings of this study are included within the article.

Ethical Approval
================

Ethical clearance was obtained from the College of Medicine and Health Sciences, Wollo University Institutional Review Committee (IRC), and permission was sought from DRH.

Consent
=======

After the purpose and objectives of the study had been informed, verbal consent was obtained from each study subject.

Conflicts of Interest
=====================

The authors declare that they have no competing interests.

Authors\' Contributions
=======================

All authors conceived the study, designed and conducted all laboratory experiments, and analyzed and interpreted experimental results. DM prepared the manuscript. All authors read and approved the final manuscript.

![Surgical site infection rate.](BMRI2020-1695683.001){#fig1}

###### 

Patient demographic characteristics.

  Variables                Frequency (%)
  ----------- ------------ ---------------
  Age         14-22        6 (8.82)
  23-31       26 (38.23)   
  32-40       12 (17.65)   
  41-49       4 (5.88)     
  50-58       10 (14.70)   
  59-67       6 (8.82)     
  68-76       2 (2.94)     
  77-85       2 (2.94)     
                           
  Sex         Male         35 (51.47)
  Female      33 (48.53)   

###### 

Patient operation characteristics.

  Variables                                                Frequency (%)
  ------------------------------------------- ------------ ---------------
  Patient comorbidity                         Present      12 (17.65)
  Absent                                      56 (82.35)   
                                                           
  Nature of operation                         Elective     30 (44.1)
  Emergency                                   38 (55.9)    
                                                           
  Surgical procedure                          GI surgery   21 (30.9)
  Urologic surgery                            11 (16.2)    
  Neck surgery                                11 (16.2)    
  Gynecologic surgery                         10 (14.7)    
  Orthopedic surgery                          7 (10.3)     
  Other surgery                               8 (11.8)     
                                                           
  Wound class                                 Clean        25 (36.8)
  Clean-contaminated                          22 (32.4)    
  Contaminated                                17 (25)      
  Dirty                                       4 (5.9)      
                                                           
  Duration of procedure                       ≤1 hr        43 (63.2)
  \>1 hr                                      25 (36.8)    
                                                           
  SSI                                         Yes          16 (23.5)
  No                                          52 (76.5)    
                                                           
  Preoperative duration of hospitalization    ≤1 day       30 (44.1)
  \>1 day                                     38 (55.9)    
                                                           
  Postoperative duration of hospitalization   ≤3 days      37 (54.4)
  \>3 days                                    31 (44.6)    

###### 

Characteristics of antibiotic prophylaxis administration.

  Variables                                          Frequency (%)
  -------------------------------------- ----------- ---------------
  Prophylaxis                            Yes         59 (86.8)
  No                                     9 (13.2)    
                                                     
  Timing of prophylaxis administration   Early       7 (10.3)
  Preoperative                           26 (38.2)   
  Perioperative                          5 (7.4)     
  Postoperative                          21 (30.9)   
                                                     
  Duration of SAP administration         ≤1 day      16 (23.5)
  \>1 day                                43 (63.2)   
                                                     
  Route                                  IV          55 (93.2)
  IV and PO                              4 (6.8)     

###### 

Prophylactic drugs used in surgical patients.

  Prophylaxis drug                        Frequency (%)
  --------------------------------------- ---------------
  Ceftriaxone                             10 (14.7)
  Cloxacillin                             8 (11.8)
  Ceftriaxone+metronidazole               28 (47.46)
  Ceftriaxone+ampicillin                  5 (7.4)
  Ceftriaxone+gentamicin+metronidazole    4 (5.9)
  Ceftriaxone+metronidazole+amoxicillin   4 (5.9)

###### 

Risk factors and surgical site infection.

  Risk factors                                                         SSI          *χ* ^2^, *p* value•   
  -------------------------------------- ----------------------------- ------------ --------------------- ---------------
  Age (yrs)                              14-22                         1 (16.7)     5                     27.58, 0.327
  23-31                                  7 (25)                        21                                 
  32-40                                  2 (16.7)                      10                                 
  41-49                                  1 (25)                        3                                  
  50-58                                  2 (20)                        8                                  
  59-67                                  1 (16.66)                     5                                  
  68-76                                  1 (50)                        1                                  
  77-85                                  1 (50)                        1                                  
                                                                                                          
  Sex                                    Male                          7 (20)       28                    0.59, 0.808
  Female                                 9 (27.3)                      24                                 
                                                                                                          
  Preoperative hospital stay             ≤1                            5 (16.7)     25                    0.941, 0.332
  \>1                                    11 (28.9)                     27                                 
                                                                                                          
  Nature of operation                    Elective                      6 (20)       24                    0.941, 0.332
  Emergency                              10 (26.3)                     28                                 
                                                                                                          
  Surgical procedure                     GI surgery                    6 (28.6)     15                    11.059, 0.05
  Urologic                               4 (36.4)                      7                                  
  Neck                                   0 (0)                         11                                 
  Gynecologic                            3 (30)                        7                                  
  Orthopedic                             2 (28.6)                      5                                  
                                         Others (BPH, amputation...)   1 (12.5)     7                     
                                                                                                          
  Duration of procedure                  ≤1 hr                         9 (20.9)     34                    4.765, 0.029
  \>1 hr                                 7 (28)                        18                                 
                                                                                                          
  Wound classification                   Clean                         3 (12)       22                    15.176, 0.002
  Clean-contaminated                     5 (22.7)                      17                                 
  Contaminated                           6 (35.3)                      11                                 
  Dirty                                  2 (50)                        2                                  
                                                                                                          
  Comorbid condition                     Yes                           5 (41.7)     7                     39.765, 0.000
  No                                     11 (19.6)                     45                                 
                                                                                                          
  Postoperative hospital stay            ≤5 days                       4 (10.8%)    33                    0.529, 0.462
  \>5 days                               12 (38.7%)                    19                                 
                                                                                                          
  Timing of prophylaxis administration   Early                         1 (14.3)     6                     21.746, 0.000
  Pre                                    4 (15.4)                      22                                 
  Peri                                   0 (0)                         5                                  
  Post                                   8 (27.6)                      21                                 
                                                                                                          
  Duration of prophylaxis                ≤1 day                        4 (25)       12                    0.54, 0.3021
  \>1 day                                9 (20.93)                     34                                 
                                                                                                          
  Presence of prophylaxis                Yes                           13 (22.03)   46                    36.765, 0.00
  No                                     3 (33.33)                     6                                  

###### 

The association between selected risk factors and surgical site infections.

  Variable                                       Frequency   OR (95% CI)            *p* value   
  -------------------------------------- ------- ----------- ---------------------- ----------- -------
  Duration of procedure                  ≤1 hr   9           34                     Reference   0.029
  \>1 hr                                 7       18          2.125 (0.659-6.428)                
                                                                                                
  Wound classification                   Clean   3           22                     Reference   0.002
  Clean-contaminated                     5       17          1.833 (0.204-16.512)               
  Contaminated                           6       11          3.4 (0.377-30.655)                 
  Dirty                                  2       2           7.33 (0.734-73.248)                
                                                                                                
  Comorbid condition                     No      11          45                     Reference   0.000
  Yes                                    5       7           5 (0.796-13.325)                   
                                                                                                
  Timing of prophylaxis administration   Pre     4           22                     Reference   0.00
  Early                                  1       6           3.692 (0.373-36.567)               
  Peri                                   0       5           3.385 (0.85-13.484)                
  Post                                   8       21          9.94 (0.95-18.34)                  
                                                                                                
  Prophylaxis                            Yes     13          46                     Reference   0.00
  No                                     3       6           2.000 (0.388-8.06)                 
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